ABSTRACT: Daily handling of preweanling rats reduces their adult anxiety. Even routine cage-cleaning, involving handling, reduces adult anxiety compared with controls. Cage-cleaning regimes differ between animal breeders, potentially affecting rodent anxiety and experimental results. Here, 92 adult male rats given different cage-cleaning rates as pups, were compared on plus-maze, hyponeophagia, corticosterone, and handling tests. They were pair-housed and half were tailmarked for identification. Anxiety/stress profiles were unaffected by cage-cleaning frequency, suggesting that commercial-typical differences in husbandry contribute little variance to adult rat behavior. However, delivery batch affected some elevated plus-maze measures. Also, tail-marked rats spent three times longer on the plusmaze open arms than their unmarked cagemates, suggesting reduced anxiety, yet paradoxically they showed greater chromodacryorrhoea responses to handling, implying increased aversion to human contact. A follow-up study showed that rats avoided the odor released from the marker pen used. Thus, apparently trivial aspects of procedure can greatly affect experimental results. 
INTRODUCTION
Since the late 1950s it has been known that early handling (EH)-the brief daily handling of neonatal rodent pups before weaning-causes lasting reductions in anxiety throughout rodents' lives (Levine, 1958) . This is reflected in behavioral, endocrine, physiological, immunological, and neuro-histochemical changes (reviewed in FernandezTeruel et al., 2002; Meaney, Mitchell, Aitken, & Bhatnagar, 1991; Pryce & Feldon, 2003) . EH usually involves 15 min separation from the mother, but anxiolytic effects have also been observed after as little as 3 min handling (e.g., Denenberg & Smith, 1963; Denenberg & Whimbey, 1963; von Hoersten, Dimitrijevic, Markovic, & Jankovic, 1993) . EH effects might be mediated by early stimulation per se, maternal care (increased by disturbing pups), temperature changes, and/or by stimulation of stress pathways (reviewed and discussed in Macrì & Würbel, 2006; Pryce & Feldon, 2003; Russell, 1971) ; few have also considered the further possibility of early habituation to humans (Abel, 1971) , or ''taming''.
As part of standard husbandry, cage-cleaning for breeding rats typically involves a human lifting the pups and parent(s) out of their nest and placing them into new bedding, sometimes via a holding area; the mother then collects her pups together and creates a new nest. Thus, A although cage-cleaning usually involves briefer handling than EH treatments, like EH, it involves tactile stimulation, cooling, a change in maternal behavior, human contact causing no lasting harm, and potentially, stimulation of the stress pathways (e.g., Burn, 2006; Gamble, 1982; Van Loo et al., 2000) . Perhaps because of this, control rats in EH studies typically receive no handling, including no cage-cleaning, before weaning (Pryce & Feldon, 2003) . Indeed rat pups experiencing ''normal husbandry'' or ''animal facility rearing'' (including cagecleaning) show the reduced anxiety expected in EH rats on most tests (e.g., Plotsky et al., 2005) , although they also show increased fear-conditioned freezing (reviewed in Pryce & Feldon, 2003) and sometimes an increased corticosterone stress response compared with EH rats (Lehmann et al., 2002) .
These findings raise the possibility that differing early experiences stemming from normal husbandry could have lasting effects on adult phenotypes, potentially contributing unexplained variance in research results. Under nonexperimental conditions, cage-cleaning frequencies in different institutions can vary between three times per week (or very rarely daily) and once every two weeks (especially in individually ventilated cages) (Burn, Day, Peters, & Mason, 2006a; Burn, Peters, & Mason, 2006b ). This would affect the absolute number of cage-cleaning (and associated handling) episodes experienced before weaning, and also the age at which this first occurs. Perhaps then, more frequent early cage-cleaning induces lasting reductions in rat anxiety. Indeed, Rex, Sondern, Voigt, Franck, and Fink (1996) found that the anxiety levels of identical strains of rats differ depending on which supplier they are obtained from. However, such husbandry practices are typically not reported in research publications.
Currently, there is little information on whether the number of EH episodes influences the magnitude of anxiety reduction in adults. It is also not yet clear whether the age at first handling is important: Meaney and Aitken (1985) found that handling on postnatal Days 1-7 increased hippocampal glucocorticoid receptor levels as much as handling for the full 20 days, while handling on Days 15-21 had no effect. Conversely, corticosterone responses to stress were reduced by handling, whether before or after weaning (Ader, 1970) . Our aim was therefore to explore whether variation in these aspects of early experience, representing typical practice in commercial breeding establishments, has lasting affects on adult rats' anxiety profiles. We used four anxiety/stress tests. The first two, which reliably differentiate EH and non-handled (NH) rats, were the elevated plus-maze (reviewed in Fernandez-Teruel et al., 2002; Pryce & Feldon, 2003) and hyponeophagia test (Bodnoff, Suranyi Cadotte, Quirion, & Meaney, 1987; Caldji, Francis, Sharma, Plotsky, & Meaney, 2000; Ferré et al., 1995; Macri, Mason, & Wurbel, 2004; McIntosh, Anisman, & Merali, 1999; Weinberg, Smotherman, & Levine, 1978 , but see Hilakivi Clarke, Turkka, Lister, & Linnoila, 1991 . The third measure was baseline corticosterone concentration, which can be reduced by EH (Plotsky & Meaney, 1993 , but see Macri et al., 2004) . Finally, we used a human interaction test because EH rats struggle, squeak, and defecate less during handling than NH ones (Eells, 1961; Ferré et al., 1995) . We measured handleability, but also a novel physiological response to handling: the Harderian gland secretion, chromodacryorrhoea (''red/bloody tears'') (e.g., Clement, 1994; Harkness & Ridgway, 1980; Mason, Wilson, Hampton, & Wurbel, 2004) . Chromodacryorrhoea has only recently started to be used explicitly as a measure of negative affect , increasing in response to a diverse set of negative events (reviewed in Burn, 2006) and being closely linked to the parasympathetic stress system (e.g., Clement, 1994; Harkness & Ridgway, 1980; Santos & Carlini, 1988) .
Finally, since there was some prior evidence that individual identification schemes can affect animal physiology and behavior (e.g., Lacey, Beynon, & Hurst, 2007; Moorhouse & Macdonald, 2005; Murray & Fuller, 2000) , we chose to use a marking scheme that left one rat unmarked per cage. This enabled any marking effect to be later controlled for statistically.
EXPERIMENT 1 Methods
Animals. The Wistar rats in this study were born in one of two buildings within the establishment of a commercial supplier (Harlan, Bicester, UK) as described in (Burn & Mason, in press) . Their parents were pair-mated and kept in polypropylene cages (51 Â 32 Â 20 cm 3 ) with stainless steel wire lids, and autoclaved Lignocel 3-4 sawdust (J. Rettenmaier & Söhne, Holzmühle, Germany). Pelleted chow (2018S sterilizable, Harlan Teklad, Bicester, UK) and water were provided ad libitum. Their cages were cleaned on one of three schedules: either twice weekly, once weekly, or every 2 weeks (fortnightly). There were 18 cages of each treatment in each building, giving a total of 108 cages. Cage cleaning involved replacing the polycarbonate base with a clean one containing fresh sawdust, but the lids were retained. The handling initially involved the technician scooping up neonates as a group in their nest, and from when the pups were about 4 days old they were picked up individually by the body. The supplier provided us with information on the precise number of cage-cleanings each rat had received before weaning, and also the age at which their first cagecleaning occurred. Rats were weaned at 3-4 weeks of age Developmental Psychobiology. 2 Burn, Deacon, and Mason A in weekly batches because the births were staggered over time, and the size of each batch varied depending on how many litters were ready for weaning each week. One male pup from the third litter of each pair was transported to an animal unit at the University of Oxford (males were used because estrus can suppress the EH effect in females (Severino et al., 2004) ). We obtained a total of 92 unrelated rats, delivered in 8 batches over the course of 6 weeks. Once in the animal unit, the rats were housed in same-treatment pairs (or on four occasions triple-housed, when a batch consisted of an odd number). Cages were polypropylene (50 Â 32 Â 25 cm 3 ) with stainless steel wire lids, and aspen woodchip bedding 8/20 (Lillico, Surrey, UK). Pelleted chow (PCP mod (P), Special Diet Services, Witham, UK) and water were provided ad libitum. Nesting material (Sizzle Nest, Datesand, Manchester, UK) and cardboard tubes (Maxi Fun Tunnel, Lillico) were provided as environmental enrichment. The room was maintained at 21 AE 1 C, with a humidity of 50 AE 10%, and the light-dark cycle was 12:12 hr, with the lights on at 7 am.
One rat (or two of the triple-housed rats) per cage was tail-marked for individual identification using a black permanent marker (Pentel N50, Pentel Co. Ltd., Swindon, UK). This is considered a fairly standard, ''low-tech'' method for marking rodents (Wang, 2005) . The marking procedure consisted of a seated technician lightly restraining each rat between his arm and body, with the nose of the rat towards his elbow. The mid-section of the tail was supported in one hand while the other applied the black marker pen in caudally directed strokes to make a mark approximately 1 cm long. The marking scheme was random with respect to rat behavior, because the rats were delivered in individual boxes, the cages were filled sequentially, and the second rat of each pair was marked as it was allocated to its cage upon arrival at our laboratory. Marks were replenished every 2-3 weeks as required.
All cages were cleaned weekly, and the experimenter and technicians were blind as to which rats belonged to which treatment group. For all the tests, the order in which individuals were tested was pseudo-randomized according to treatment groups and other factors, although cagemates were tested consecutively. All testing was conducted in the holding room to minimize any effects of transport stress, and the cages were removed from their holding racks 5 min before testing to ensure that the rats were alert.
Human Interaction Test. At 12-14 weeks of age, the rats' regular technician brought the rats to the front of their cage by gently tapping a pen on the cage bars, to inspect their baseline nasal chromodacryorrhoea. The amount of chromodacryorrhoea was scored using an extended adaptation of the system validated by Mason et al. (2004) , as follows. A photographic guide was also provided to illustrate the scoring system (in Burn, 2006) .
No visible chromodacryorrhoea
1 One small (<1 mm in diameter) droplet of chromodacryorrhoea 2 One larger droplet or 4 small droplets of chromodacryorrhoea 3 !2 large droplets or !5 small droplets of chromodacryorrhoea 4 25-50% of the nose covered by chromodacryorrhoea 5 Over 50% of nose covered in chromodacryorrhoea.
Each rat was then picked up and allowed to explore the technician's forearm for 30 s, being gently restrained by the base of the tail. The technician scored the ease of handling, using a handleability scoring system (developed in collaboration with experienced technicians) as described below.
1 Very relaxed: no struggling or squeaking, but alert 2 Easy to handle: little struggling or squeaking 3 Reactive: tense with some struggling and squeaking 4 Resistant to handling: struggled and squeaked 5 Very resistant to handling: struggled, attempted to bite, squeaked.
After 10 min (an appropriate interval as indicated by our pilot studies (Burn, 2006) , and before most rats would start to groom after handling (Burn et al., 2006b) ), the technician returned to each cage, bringing the rats to the front as before, and rescored their chromodacryorrhoea.
Elevated Plus-Maze Test. On the following day, the elevated plus-maze test was carried out. The maze was wooden, painted with waterproof gray paint, and left to dry for 3 weeks before the start of the experiments to prevent any solvent vapors affecting the rats' behavior (Heale, Vanderwolf, & Kavaliers, 1994; Zibrowski & Vanderwolf, 1997) . The maze was elevated by 50 cm, and each arm was 50 cm long and 10 cm wide, with 45 cm walls on the closed arms, and 5 cm rims on the open arms (dimensions the same as those in most of the EH literature). Before testing, five nonexperimental male rats were placed onto the maze for 5 min to minimize the difference in overall rat odor intensity between the first and last of the test rats. The experimental rats were placed into a closed arm of the maze, facing the end wall. The observer (the rats' regular technician) sat quietly about 1 m away from the maze, between an open and a closed arm. We took only those measures that we felt were least ambiguous to interpret (Wall, 2001) to minimize the risk of falsely significant results (Type I errors). The observer Developmental Psychobiology.
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A thus recorded latency to emerge from the starting arm, latency to enter the first open arm, proportion of time spent in the open arms, defecation, and urination. An arm entry was defined as the rat placing all four feet into the new area. The central square was not recorded as a separate area due to its ambiguity in relation to anxiety (Wall, 2001 ) (e.g., if a rat moved onto the central square but never moved onto an open arm, it was scored as spending all its time in the closed arms). The one exception to this was the latency to emerge from the original closed arm, which was recorded to allow us to discriminate for example between any rats that remained virtually immobile throughout the test, and those that explored both closed arms. The test lasted for 5 min, after which the fecal pellets and urine were removed. The apparatus was then cleaned with a damp tissue and a dry one between rats.
Baseline Corticosterone. We measured fecal (rather than serum or urinary) corticosterone to avoid invasive handling procedures. Fecal pellets were collected from the human interaction test and the elevated plus-maze for baseline corticosterone analysis. This would give us a baseline measure, since although there is wide variance in the delay between serum and fecal corticosterone concentrations, serum levels are not reflected in the fecal boli until 16.7 AE 4.3 hr after a stressor (Bamberg, Palme, & Meingassner, 2001 ). The pellets were immediately placed into sealed 50 ml polypropylene tubes, and within a maximum of 2 hr, frozen at À20 C for up to 8 weeks before being sent for professional corticosterone assaying (Gordon Laboratory Group, Stockton-on-Tees, UK).
Hyponeophagia Test. On the third day of testing, a hyponeophagia test similar to previous studies (Caldji et al., 1998 (Caldji et al., , 2000 Francis, Diorio, Plotsky, & Meaney, 2002; Rex, Voigt, Voits, & Fink, 1998) was carried out. Canned sweetcorn (Green Giant Original, with added sugar and salt) was the novel food. However, from the first batch of rats it became clear that rats in this study were much more neophobic than those in previous studies (only 2 out of the 13 rats ate the corn). Therefore, due to a ceiling effect in the latencies, the first batch of rats was excluded from analyses. Subsequent batches of rats were fooddeprived overnight (for 14-18 hr) and the test was adjusted so as to reduce the degree of novelty involved. Using a design similar to that described by McIntosh et al. (1999) , each rat's cagemate was removed to a holding cage, and five sweetcorn kernels were presented in a brown, ceramic dish, 8 cm in diameter, at the back of the homecage. The food and its container were now the novel stimuli, but the environment was familiar. The technician recorded the latency to start unambiguously eating (holding a kernel in the forepaws and eating for at least 2 s). Test duration was a maximum of 5 min.
When the second (or third) cagemate was tested, it was prevented from contacting the first cagemate before participating in the test, to avoid social facilitation through smelling the novel food on its cagemate's breath (Galef, Mason, Preti, & Bean, 1988) . Between tests the bowl was cleaned with a damp tissue and a dry one, and any remaining sweetcorn was replaced with fresh kernels, again to avoid the influences of any odor deposits from previous rats.
Statistical Methods. The statistical program used was Minitab TM version 14 (Minitab Ltd., Pennsylvania, USA). Latencies and durations were arcsine and log transformed, respectively, to normalize the residuals. General linear models were used to test the fixed effects of the number of cage-cleanings before weaning, whether or not rats were marked, and which building they were born in. Interactions between number of cage-cleanings, marking, and building were also included. Number of cage-cleanings was treated as a covariate, after graphically inspecting the residuals in the case of nonlinear relationships. Batch and building were controlled for in statistical analyses because such composite factors can affect test results (e.g., Burn et al., 2006a; Chesler, Wilson, Lariviere, Rodriguez Zas, & Mogil, 2002; Crabbe, Wahlsten, & Dudek, 1999; Rex et al., 1996) . Batch was nested in building because earlier batches came from Building A and later ones from B. Cage, a random factor nested in Batch, was included to control for nonindependence of cage-mates. These tests were then repeated with ''age at first cage-cleaning'' instead of the number of cage-cleanings, and the models were compared; the two variables could not be used together because they were so tightly confounded with each other (i.e., more frequent cleaning was associated with earlier cleaning events).
To test for pairwise relationships between measures from the different tests, the full GLMs were rerun, but this time each test result was included in turn. For example, to test the relationship between time spent on the plus-maze open arms and latency to feed in the hyponeophagia test, one was used as the response, and the other was used as a predictor alongside the background of all the blocking factors.
Where the most relevant literature provided equivalent effect sizes, important nonsignificant findings were tested against those hypothesized effect sizes using power tests for two-sample tests (comparing the most and least frequent cage-cleaning). Using the software available to us, power tests for more controlled experimental designs or those using covariates were impossible, so these tests are conservative, that is, we should have been able to detect more subtle effects than they suggest. Posthoc power tests to compare findings against a hypothesized or -values (e.g., Hoenig & Heisey, 2001 ), so here we use them merely as an additional way of expressing our findings. We also provide confidence intervals for important nonsignificant findings (Colegrave & Ruxton, 2003) .
RESULTS

Correlations Between Test Measures
Within Tests. In the human interaction test, the increase in chromodacryorrhoea was greater in rats that were more difficult to handle (F 1, 27 ¼ 5.71; p ¼ .024) (Fig. 1) 
Human Interaction Test
There were no significant effects of any independent variable including cleaning frequency and age at first cage-cleaning on handleability scores (e.g. 
Elevated Plus-Maze Test
Cage-cleaning frequency and age at first cleaning had no effects on any plus-maze behavior (e.g., effects of number of cage-cleanings on time spent on open arms: F 1, 44 < .01; p ¼ .99; 95% CI for the slope ¼ À.05, .034) (see Fig. 3A for the lack of a positive trend). There were also no significant effects of any variables on urination or defecation. Marked rats, however, had lower latencies to emerge from the closed arm they were initially placed into ( (Fig. 4) . For example, 20.9 AE 2.9% of the marked rats' time was spent on the open arms, compared with only 7.5 AE 1.4% of the unmarked rats' time (Fig. 4C) . Batch also affected the proportion of time spent in the open arms (F 6, 39 ¼ 5.14; <.001) and the latency to enter an open arm (F 6, 39 ¼ 2.94; p ¼ .015), although there was no obvious temporal trend spanning between earlier and later batches.
Power tests showed that our study would have been able to detect an effect size comparable to that found by Developmental Psychobiology.
FIGURE 2 Nasal chromodacryorrhoea scores (mean AE SE) before and 10 min after handling in rats that were marked or unmarked for individual identification purposes. Chromodacryorrhoea increased after handling in both groups, but this increase was more pronounced in marked rats than unmarked ones.
ÃÃ indicates that p .001.
FIGURE 1
The relationship between handleability and the increase in chromodacryorrhoea score (median AE interquartile range) in the human interaction test. Rats that were easier to handle (scoring 2) had less pronounced chromodacryorrhoea responses to handling than those that were more difficult to handle (scoring 4).
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FIGURE 4
The plus-maze behavior of rats that were individually marked versus those that were not marked. Compared with unmarked rats, marked rats had significantly (A) lower latencies to emerge from the closed arm they were initially placed into, (B) lower latencies to enter the open arms, and (C) they spent a significantly higher proportion of time in the open arms. All results are presented as a mean AE SE; ÃÃ indicates that p .001. (Fig. 3C shows the lack of a negative trend). Power tests showed that our study would have been able to detect an effect size comparable to that reported by Caldji et al. (2000) . Including marked and unmarked rats (because marking had no significant effect on this test), we would have had a power of .99 to detect the magnitude of difference they report in latency to feed between EH and NH rats (minimum n ¼ 19 per cleaning treatment group; hypothesized effect size (arcsine transformed) ¼ .73; standard deviation ¼ .49; a ¼ .05). Using only our unmarked rats (minimum n ¼ 9), we would still have had a power of .87. This is despite the large number of missing values for this test.
EXPERIMENT 2
To further investigate the effect of tail-marking, an experiment was devised to measure the aversiveness of marker pens. It is known that a variety of organic solvents are aversive to rodents (Heale et al., 1994; Zibrowski & Vanderwolf, 1997) . Therefore, Experiment 2 was devised to investigate the aversiveness of the marker pen odor. This experiment was performed a year after Experiment 1. Although these were a different strain to the Wistars used in Experiment 1, the question being asked was whether the odor of marker pens is aversive to rats generally, rather than a more specific strain-related question. These hooded rats were obtained from the same supplier as the Wistars (Harlan, UK). Moreover, the hooded rats had the advantage that they could be identified by their distinctive coat markings, since it was clearly undesirable to tailmark them with a marker pen for identification purposes.
Methods
Animals. Ten male hooded Lister outbred rats (Harlan, UK), weighing 427-605 g at the time of testing, were used. They were housed in groups of 2-3 in the conditions described in Experiment 1. They were identified by noting their distinctive coat markings.
Aversion Test. A traditional two-choice Grice box arrangement was used. It was made from aluminum sheet and was 20 cm high. A start box, 30 Â 14 cm 2 , led into a choice area which widened over a length of 8 cm from 14 cm width at the start box end to 27 cm width where it led to two adjacent goal boxes, each 30 Â 13.5 cm 2 . Each goal box contained four Pentel N50 permanent marker pens, as in Experiment 1, bundled together. These pens had not previously been used to mark rats so they would not have been contaminated with rat odor. In the ''Control'' box the pens were capped, and in the ''Odor'' box, they were uncapped to allow odor/solvent release. The pens were uncapped at least 1 min before the first rat was placed in the apparatus, to allow the odor to diffuse into the surroundings.
After weighing, the rats were taken from the stock room to a nearby holding room outside the test room, where they were left for approximately 10 min to become fully alert and acclimatized to the new surroundings. They were then individually placed into the start box for a 2 min trial, in which free exploration of the apparatus was permitted. The latency to enter each goal box (all four feet) and the time spent there (end point: all four feet out of goal box) were recorded, as was the number of entries into each box. Defecation and urination were also recorded.
Statistical Analysis. General linear models were used to compare each behavior between the Odor and Control boxes, controlling for the side (left or right) on which the uncapped pens were presented, and the cage the rats came from. Individual rats were included as random factors nested within cage and the side of presentation. The model assumptions were checked graphically, and latency data were log transformed as required.
RESULTS
Results are presented in Table 1 . Rats had significantly longer latencies to visit the Odor box, spent less time in it, and visited it less frequently than the Control box Developmental Psychobiology.
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Author Proof A (Table 1) . Behavior was similar in most rats; 9 of the 10 rats entered the Control box first, explored it, and then returned to the choice area. From here, they would generally enter the Odor box, but one of the rats never entered this box and another only entered it for 1 s. Only one rat defecated in the apparatus, and one other urinated.
DISCUSSION
In this study, we investigated whether the cage-cleaning frequencies of rat pups would affect their anxiety profiles in adulthood. Despite some prior evidence that variation in the frequency or timing of EH can induce variation in physiology (see Introduction: Denenberg & Karas, 1959; Meaney & Aitken, 1985) , and despite testing over 90 rats that experienced cage-cleaning between one and nine times preweaning, we found no such effects. Failing to find an effect does not, of course, prove that no effect exists. Type II errors might be most likely in our baseline fecal corticosterone concentration, which had a noticeably wider confidence interval that the other measures: most differences in EH are found with stress-induced corticosterone responses, so basal differences are relatively subtle if they are observed at all (e.g., Macri et al., 2004; Plotsky & Meaney, 1993) . Also, although the relative variation in fecal corticosterone concentrations is comparable to variation in plasma concentrations, it includes a longer timescale, with accompanying variation in rats' experience and circadian rhythm (Bamberg et al., 2001; Cavigelli et al., 2005) . However, our power tests suggest that at least for plus maze and hyponeophagia data, we had more than a 98% chance of detecting an effect of the magnitude found between EH and NH rats (c.f. McIntosh et al., 1999; Caldji et al., 2000) . Our lack of differences between cleaning treatments was therefore probably not an artifact of low power, especially since EH reductions in stress/anxiety have been found using groups of as few as 10 (McIntosh et al., 1999 ) or 8-10 (Kalinichev, Easterling, Plotsky, & Holtzman, 2002 rats in the elevated plus-maze, and 8 (McIntosh et al., 1999 ) or 7-10 (Caldji et al., 2000 rats in the hyponeophagia test. In fact, in the latter study, Caldji and colleagues found that NH rats had approximately 70% longer latencies to feed than EH ones, and yet the cagecleaning frequencies used here have shown no discernable trend in the same direction (Fig. 3C) . While some effects might have emerged had we taken other measures, such as corticosterone responses to stress (e.g., Huot, Thrivikraman, Meaney, & Plotsky, 2001; Kalinichev et al., 2002; Macri et al., 2004; Vallee et al., 1997) , overall we consider this unlikely given the lack of effects we found across four behavioral and physiological responses usually affected by EH. Thus, we conclude that the variation in handling and cage-cleaning likely to occur between rodent breeding facilities does not seem to have lasting affects on male rats' anxiety profiles.
This apparently contrasts with previous findings comparing NH controls and animals experiencing standard husbandry; rat pups undergoing weekly or twice weekly cage-cleaning have reduced anxiety levels compared with NH animals, similar to EH rats, at least in most respects (reviewed in the Section Introduction). One possibility is that experiencing cage-cleaning eight or nine times before weaning might be no more anxiolytic than experiencing it only once or twice. However, another possible explanation is that the current ''real life,'' applied study involved additional factors that do not usually occur in controlled, experimental EH studies, and these might mask any subtle differences between the cage-cleaning frequencies. One factor could be the postweaning transport (a journey of 25 km by road) between the breeding company and our laboratory. In rodents, transport can cause prolonged physiological and behavioral stress responses (DeSantis & Schmaltz, 1984; Hayssen, 1998; Landi, Kreider, Lang, & Bullock, 1982) , and therefore may have been powerful enough to obscure any subtle effects of previous experience on later anxiety levels. Future research could investigate whether early cage-cleaning frequency affects the later anxiety profiles of rats tested without transportation to a new site. However, overall, since cagecleaning frequencies in our realistic set-up did not have differential effects on rat anxiety levels, we can conclude that it is unlikely to be the mechanism by which samestrain rats bought from different commercial suppliers show different anxiety profiles (Rex et al., 1996) . Developmental Psychobiology. 
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We did, however, find two novel effects on rat anxiety. The first was that the delivery batch that the rats arrived in affected the elevated plus-maze measurements. These effects could have originated from a number of sources including the specific weather and traffic conditions when each batch was transported to our laboratory, or genetic variation in this outbred strain; the effects were not linearly related to batch, so the variation was not due to a gradual directional change. It is unclear why delivery batch only affected plus-maze results, but the four tests probably quantify different aspects of anxiety, fearfulness, or negative affect (File, 1992; Gray & McNaughton, 2000; Ramos, Berton, Mormede, & Chaouloff, 1997; Võikar, Polus, Vasar, & Rauvala, 2005) .
Our second unexpected finding was that marked rats entered the open arms of the plus-maze more readily than unmarked rats, suggesting lower anxiety, and yet they had higher chromodacryrrhoea responses to handling which paradoxically suggests that some form of negative affect was increased. Marking with permanent marker required renewing three or four times between weaning and testing, so marked rats could have appeared bolder in the plus-maze because they received extra handling. Habituation to handling per se is already known to reduce rats' anxiety in the elevated plus-maze (Andrews & File, 1993; Brett & Pratt, 1990; File, Andrews, Wu, Zharkovsky, & Zangrossi, 1992; Hogg, 1996) . Therefore, the marking effect could imply that supplementary handling increases open arm entry, regardless of whether it occurs before weaning, as with EH, or afterwards, as was found by Ader (1970; but see Meaney & Aitken, 1985) . However, this will require confirmation within a controlled study.
The increased chromodacryorrhoea secretion in the marked rats also suggests that some aspect of being marked must have been aversive or stressful in some way. Handling is often stressful for laboratory animals (Balcombe, Barnard, & Sandusky, 2004) , and indeed chromodacryorrhoea increased after handling in both groups of rats. The results of Experiment 2 also demonstrate that rats avoid the odor of at least some types of marker pen ink, including the one used here. If being marked is aversive, it could have caused the marked rats to form stronger negative associations with handling than unmarked rats (accounting for marked rats' heightened chromodacryorrhoea responses), while at the same time perhaps conferring more experience of coping with challenges generally (accounting for their relatively bold behavior in the plus-maze). Aversive experiences could leave indelible ''primary'' associations, while concurrently providing partial resistance to secondary or unrelated aversive contexts.
On a physiological level, because chromodacryrrhoea secretion occurs through increased parasympathetic activity, (e.g., Clement, 1994; Harkness & Ridgway, 1980; Santos & Carlini, 1988) , perhaps parasympathetic activity was altered in the marked rats. Further research could examine, physiologically, if this was indeed the case. Further research could also investigate what aspect(s) of marking underlie its effects on both behavioral and physiological responses. For example, the marking process could have caused physical discomfort through manual restraint or slight tail-pinch (e.g., D'Angio, Serrano, Rivy, & Scatton, 1987) , the ink may have contained solvents that were anxiogenic (Heale et al., 1994; Zibrowski & Vanderwolf, 1997) or slightly toxic (Anderson & Anderson, 2003) , or the marks could have affected cagemates' social relationships (Lacey et al., 2007) . Already, the results of Experiment 2 demonstrate that some pens used to mark rats do release an aversive odor.
Both our novel findings concerning marking and batch effects were unexpected, not based on our initial hypotheses, so further research is needed to verify whether they are replicable, and to elucidate the mechanisms underlying them. However, our results do add to accumulating evidence that a variety of marking methods can have profound effects on animals (e.g., Lacey et al., 2007; Moorhouse & Macdonald, 2005; Murray & Fuller, 2000) , and that standardization is not easy to achieve (e.g., Burn et al., 2006a; Chesler et al., 2002; Crabbe et al., 1999; Rex et al., 1996) . If scientific results are to have general validity, perhaps adherence to an arbitrary, highly specific ''standard'' is not even to be desired. Testing that results will generalize across laboratories, by incorporating variation systematically into experimental design, may be a more desirable approach (Garner, Thogerson, Mench, & Würbel, 2006; Wurbel, 2000 Wurbel, , 2002 .
To summarize, despite well-documented anxiolytic effects of EH, different cage-cleaning frequencies before weaning apparently have little effect on adult rats' anxiety levels. In fact, given that normal husbandry has previously been shown to reduce anxiety almost as much as EH (e.g., Plotsky et al., 2005) , our findings suggest that the cagecleaning effect might reach asymptotic levels after only one or two early cleaning experiences. Seemingly then, different cage-cleaning frequencies cannot explain the differing anxiety profiles observed between same-strain rats from alternative suppliers (Rex et al., 1996) . In contrast, identification tail-marking of rats may affect their anxiety profiles in a complex and paradoxical manner, and the odor released from marker pens can be aversive to rats. Marking schemes should therefore be considered a potential confound in studies of rodent anxiety. Further work will be required to confirm its effects on rat anxiety, to compare the effects of alternative marking schemes, and to investigate whether it has effects on other aspects of physiology and behavior.
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